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Bird song is often cited as a classic example of a sexually-selected ornament, in part
because historically it has been considered a primarily male trait. Recent evidence that
females also sing in many songbird species and that sexual dimorphism in song is often
the result of losses in females rather than gains in males therefore appears to challenge
our understanding of the evolution of bird song through sexual selection. Here I propose
that these new findings do not necessarily contradict previous research, but rather they
disagree with some of our assumptions about the evolution of sexual dimorphisms in
general and female song in particular. These includemisconceptions that current patterns
of elaboration and diversity in each sex reflect past rates of change and that levels
of sexual dimorphism necessarily reflect levels of sexual selection. Using New World
blackbirds (Icteridae) as an example, I critically evaluate these past assumptions in light
of new phylogenetic evidence. Understanding the mechanisms underlying such sexually
dimorphic traits requires a clear understanding of their evolutionary histories. Only then
can we begin to ask the right questions.
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Introduction
Male songbirds sing to attract mates and compete with rivals, and since Darwin these elaborate
vocalizations have been widely acknowledged to have evolved through sexual selection (Darwin,
1859; Andersson, 1994). Research has long supported this premise by revealing aspects of male
song production and complexity that are favored by females during mate choice and that benefit
males during interactions with territorial neighbors (Marler and Slabbekoorn, 2004; Catchpole and
Slater, 2008). Sexual dimorphism in song is generally assumed to be the outcome of sexual selection
acting on males, whereas female singing has often been dismissed as anomalous (e.g., Beecher and
Brenowitz, 2005; Byers and Kroodsma, 2009). Thus, alongside elaborate male plumage displays,
male bird song has become a textbook example of a sexually-selected ornament.
Recent findings, however, appear to challenge this view. Female bird song is much more com-
mon than previously thought (Langmore, 1998; Riebel et al., 2005; Garamszegi et al., 2007; Price
et al., 2009; Odom et al., 2014), especially among tropical species that defend year-round territo-
ries (Morton, 1996; Slater and Mann, 2004; Price, 2009). An extensive survey across songbirds has
revealed the occurrence of female singing in over two thirds of surveyed species including 32 avian
families (Odom et al., 2014). Earlier perceptions of bird song as a primarily male trait are now
thought to reflect past geographical biases among researchers toward temperate passerine species,
which are disproportionately well-studied and in which songs are produced almost exclusively by
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males (Morton, 1996; Riebel, 2003). Even among tropical species,
female singing might be widely underreported because many
species with female song also have sexually monomorphic
plumage and year-round territorial defense by both sexes, so
female singers could be frequentlymistaken formales (Price et al.,
2008). Indeed, considering the higher avian biodiversity in the
tropics, the occurrence of female songmay be the rule rather than
the exception among songbirds.
Furthermore, phylogenetic studies have shown that sexual dif-
ferences in singing behavior are often the product of histori-
cal losses in females rather than gains in males (Price et al.,
2009; Odom et al., 2014). In the New World blackbird fam-
ily (Icteridae), for instance, evolutionary reconstructions show
that both sexes sang at similar rates in ancestral taxa and that
female song has since been lost multiple times independently
across the clade, resulting in a large proportion of today’s species
in which songs are produced primarily by males (Price, 2009;
Price et al., 2009). Female song probably also existed in the
ancestor of all modern songbirds, suggesting that the absence
or presence of female singing among many current taxa is
the outcome of either past losses in females or the evolution-
ary maintenance of this behavior in both sexes (Odom et al.,
2014).
Altogether, these findings call into question the long-standing
assumption that sexual dimorphism in song is the outcome of
sexual selection acting on males. But does this suggest that pre-
vious researchers, including Darwin himself, have been wrong
about the evolution of male bird song through sexual selec-
tion? Here I contend that these new findings are surprising not
because they contradict previous results but because they dis-
agree with some of the assumptions we tend to make regard-
ing the evolution of sexual dimorphisms in general and female
song in particular, assumptions that may not be accurate. These
include: (1) viewing sexual dimorphism as a discrete rather
than continuously variable attribute, and thus underestimating
its prevalence across taxa; (2) conflating evolutionary rates of
change with levels of selection; (3) conflating current levels of
elaboration and divergence in each sex with past evolutionary
rates; (4) assuming that levels of sexual dimorphism necessar-
ily reflect levels of sexual selection; and (5) viewing decreases
in dimorphism, in song or in other traits, as evolutionary gains
in one sex rather than losses of sex-specific developmental
mechanisms.
These potential misconceptions may apply to other sexually-
selected signals that can occur in both sexes, such as conspicu-
ous plumage colors. The New World blackbirds have served as
a model clade for investigating a variety of such sexual dimor-
phisms, including the evolution of male-female differences in
color (Irwin, 1994; Hofmann et al., 2008; Friedman et al., 2009;
Price and Eaton, 2014), size (Webster, 1992), and song (Price,
2009; Price et al., 2009; Odom et al., 2015). Here I focus on
this avian group in particular to examine how our new under-
standing of the evolutionary history of bird song compares
with that of other sexually dimorphic traits, especially sexual
dichromatism, and how these patterns line up with our past
assumptions.
Female Singing Should Not Indicate a Lack
of Sexual Dimorphism in Song
Although female song is often treated as a discrete binary char-
acter in comparisons among species, with some species catego-
rized as having female song and others not (e.g., Garamszegi
et al., 2007; Price, 2009; Odom et al., 2014), evidence suggests
that female singing can vary continuously across taxa in both
expression and complexity. For example, the New World black-
bird clade includes species in which female song has never been
recorded (Sturnella neglecta), others in which females rarely sing
(Icterus galbula), species in which both sexes regularly produce
similar songs (Agelaius assimilis, Icterus pustulatus), and even
species in which pairs combine their songs into highly coordi-
nated duets (Dives dives) (Price et al., 2009; Odom et al., 2015).
Thus, like sexual size dimorphism (Webster, 1992), sexual dif-
ferences in song production in this family appear to fall along a
broad continuum.
The treatment of female song as a discrete rather than con-
tinuous trait parallels approaches used in some previous compar-
ative studies of sexual dichromatism in birds, in which species
have been categorized as either dichromatic or monochromatic
(e.g., Burns, 1998; Friedman et al., 2009; Soler andMoreno, 2012)
despite observations that differences between the sexes can vary
continuously. In fact, analyses of plumage reflectance data reveal
that many differences in color are imperceptible to humans and
that truly sexually monochromatic bird species are surprisingly
rare (Eaton, 2005, 2007). The New World blackbirds again pro-
vide an example. Although many species in this clade are con-
sidered sexually monochromatic (Jaramillo and Burke, 1999),
nearly all exhibit at least some sexual color differences based on
thresholds of avian color discrimination, and across taxa the sexes
vary from nearly indistinguishable to strikingly different along a
continuous range (Hofmann et al., 2008; Price and Eaton, 2014).
Likewise, although female song occurs widely across song-
bird species (Odom et al., 2014), true sexual monomorphism
in singing and in associated neuroanatomy might be relatively
uncommon (MacDougall-Shackleton and Ball, 1999; Garamszegi
et al., 2005). Even if female song is more widespread than we cur-
rently realize, it seems likely that most males and females differ
in this trait in some way, such as in production rates or acous-
tic structure. These differences deserve further attention. Thus,
like the occurrence of colorful pigments in female plumage, the
occurrence of song in females should not necessarily imply a
lack of sexual dimorphism in this behavior. Song may occur in
both sexes but nevertheless may reflect selection pressures and
patterns of evolutionary change that are sex-specific.
Rates of Evolutionary Change Do Not
Necessarily Indicate Levels of Selection
Several studies have shown that male-female differences in
singing behavior are often the product of historical changes in
females rather than males (Price, 2009; Price et al., 2009; Odom
et al., 2014). This again parallels studies of sexual dichromatism in
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birds, which show that striking male-female color differences are
often the outcome of past losses of conspicuous plumage colors
in females rather than gains of these colors in males (Irwin, 1994;
Burns, 1998; Wiens, 2001; Hofmann et al., 2008; Price and Eaton,
2014). Dramatic female changes have also occurred when dichro-
matism has decreased, with females evolving rapidly to look like
males and males changing comparatively little over time (John-
son et al., 2013; Price and Eaton, 2014). Based on these patterns,
one might assume that selection on females has been stronger
than selection on males.
Yet, a lack of recent change in a trait should not necessar-
ily indicate that it has not been favored by selection. Although
selection is generally viewed as a driving force of evolutionary
change, many adaptive phenotypic characters are under strong
stabilizing selection and presumably have remained unchanged
for long periods of evolutionary history (Price and Lanyon,
2002; McGlothlin et al., 2010). As an example, numerous studies
show that the songs and conspicuous red epaulets of male red-
winged blackbirds (Agelaius phoeniceus) are important sexually-
selected signals that clearly influence male success (Searcy and
Yasukawa, 1995). Nevertheless, phylogenetic analyses including
other species in the Agelaius genus suggest that the buzzy songs,
brightly colored epaulets, and glossy black plumage of males are
ancestral traits that have changed relatively little since the com-
mon ancestor of this clade (Barker et al., 2008; Price et al., 2009;
Price and Eaton, 2014). In contrast, female vocalizations and
colors differ substantially among species (Jaramillo and Burke,
1999), some appearing very similar to males (A. assimilis, A.
xanthomus, A. humeralis) and others strikingly different (A.
phoeniceus, A. tricolor), reflecting significant past changes. Pre-
sumably, these rapid female changes have had no direct bearing
on how male traits have been influenced by sexual selection.
Current Levels of Diversity Do Not
Necessarily Reflect Past Rates of Change
Phylogenetic reconstructions of male and female plumage color
evolution show that the sexes exhibit very different modes
of change, with male colors diverging steadily over time and
female colors changing periodically and relatively rapidly either
away from or toward male patterns, resulting in respective
increases or decreases in dichromatism (Johnson et al., 2013;
Price and Eaton, 2014). These sex-specific evolutionary modes
might reflect different mechanisms of selection, with male col-
ors continuously changing through sexual selection (Prum, 1997;
Price and Whalen, 2009) and female colors showing a more
punctuated pattern of change through natural or social selec-
tion, perhaps based on levels of intra-sexual competition or the
need for female crypsis near the nest (Martin and Badyaev,
1996; Amundsen, 2000; Soler and Moreno, 2012; Tobias et al.,
2012).
Patterns of song variation reveal similar evolutionary differ-
ences between the sexes, with male song characteristics showing
steady rates of divergence (Price and Lanyon, 2002, 2004) and
females producing either male-like songs or very different vocal-
izations (Price et al., 2009; Odom et al., 2015). Indeed, among
many NewWorld blackbird taxa, the evolution of song and color
dimorphisms have occurred largely in parallel. All species with
frequent female song also exhibit relatively low levels of dichro-
matism (Jaramillo and Burke, 1999; Price and Eaton, 2014). On
the other hand, not all species that are dimorphic in song are like-
wise dimorphic in plumage, suggesting that the selective factors
favoringmale-female differences in these traits are not necessarily
the same (also see Soma and Garamszegi, 2015).
A surprising result of these sex-specific evolutionary modes
is that male traits can appear significantly more elaborate and
divergent among species than do female traits, despite the fact
that females have changed more frequently and dramatically in
the evolutionary past (Price and Eaton, 2014). While the males
of different taxa have accumulated novel plumage features over
time, for example, females have converged repeatedly on similarly
cryptic color patterns, resulting in relatively dull female plumages
that appear as if they have not changed much at all (Martin and
Badyaev, 1996; Hofmann et al., 2008; Price and Eaton, 2014).
In a similar way, male song features have evolved along multi-
ple complex trajectories (Price and Lanyon, 2002, 2004), while
losses of female song have produced outcomes that are largely
the same across taxa (Price, 2009). Clearly, current levels of trait
complexity and diversity are not good indicators of past rates of
change.
Sexual Dimorphism Is Not Due to Sexual
Selection Alone
Altogether, recent phylogenetic comparative studies provide
strong evidence against the widely-held assumption that sex-
ual dimorphism is driven by sexual selection alone. Even when
levels of dimorphism correspond closely with social mating
systems across taxa (Webster, 1992; Irwin, 1994; Dunn et al.,
2001; Price and Eaton, 2014), male-female differences in any
particular species are the product of different selective pres-
sures acting on each sex and not simply strong selection on
males (Badyaev and Hill, 2003; Cox and Calsbeek, 2009; Dunn
et al., 2015). Indeed, dimorphisms in both song and plumage
colors have been shown to be associated with an assortment
of life history traits besides mating system, including breed-
ing latitude, seasonal migration, nesting behavior, and territori-
ality (Martin and Badyaev, 1996; Friedman et al., 2009; Price,
2009; Soler and Moreno, 2012; Johnson et al., 2013; Odom
et al., 2015). Nevertheless, the perception that levels of sexual
dimorphism reflect levels of sexual selection remains pervasive,
even among some researchers (e.g., Seddon et al., 2013; Bloch,
2015).
Levels of sexual dimorphism in a trait may have little direct
relationship with the functions of that trait in attracting or
competing for mates. Plumage features in a variety of passer-
ine species are known to strongly influence male reproductive
success but nonetheless differ little between the sexes (e.g., Hill
et al., 1999; Doucet et al., 2005). Levels of dimorphism may also
show little relationship with past rates of evolutionary change.
In the oropendolas and caciques, for example, a clade within the
New World blackbird family, plumage colors have evolved more
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rapidly in polygynous thanmonogamous taxa, presumably due to
sexual selection, yet none of these species are notably dichromatic
(Price and Whalen, 2009).
Is Song Dimorphism the Result of
Evolutionary Gains or Losses?
All autosomal genes spend half their evolutionary histories in
males and half in females, on average and assuming equal sex
ratios.Many genes have influences on the phenotype regardless of
sex, whereas others have influences that are sex-specific and result
in phenotypic attributes that are sexually dimorphic (Coyne et al.,
2008). The evolution of such sex-specific genetic influences on
the phenotype involves special selective mechanisms in which
expression is favored in one sex and concurrently opposed in the
other (Kimball and Ligon, 1999; Badyaev and Hill, 2003; Ketter-
son et al., 2005; Cox and Calsbeek, 2009). Secondary losses of
sexual dimorphism in turn involve losses of these sex-specific
molecular pathways, through changes in one or both sexes to
match the other (Wiens, 2001).
By this logic, increases in dimorphism through losses of female
singing behavior, as has occurred in many songbird lineages
(Garamszegi et al., 2007; Price et al., 2009; Odom et al., 2014),
involve the evolution of novel, sex-specificmolecular pathways in
females that secondarily influence the development of male-like
traits. This is reflected in neurodevelopmental patterns, in which
males and females initially develop equivalent neural song con-
trol systems which subsequently atrophy in the females of species
that lack female song (Konishi and Akutagawa, 1985). Thus,
from a developmental perspective, losses of female song and
the neuroanatomical modifications associated with this change
could be viewed as evolutionary gains. Contrariwise, decreases
in song dimorphism through evolutionary gains of female song
could be viewed as developmental losses, if the evolution of
male-like singing in females involves the loss of female-specific
neurodevelopmental pathways and behaviors.
We should expect such losses of dimorphism to be especially
rapid given that much of the genetic and hormonal architecture
for male-like song production is presumably already present in
females (Lande, 1980; Kimball and Ligon, 1999; Ketterson et al.,
2005). Increases in song dimorphism, in contrast, should occur
more gradually since this involves the accumulation of novel
traits in males or females, or both, through natural or sexual
selection.
Evolutionary reconstructions of sexual dichromatism in both
the New World blackbirds (Price and Eaton, 2014) and the dis-
tantly related Australian fairy wrens (Maluridae; Johnson et al.,
2013) are largely consistent with these predictions. In both fam-
ilies, decreases in dichromatism have involved females rapidly
gaining male-like characteristics rather than the reverse, whereas
increases in dichromatism have tended to occur more gradu-
ally and involve changes in either sex. It would be interesting
to investigate such patterns in the evolution of male and female
song.
A variety of selective mechanisms have been offered to explain
the evolution of elaborate songs in females, including mutual
mate choice, intra-sexual competition, and other forms of social
selection (Langmore, 1998, 2000; Tobias et al., 2012). Yet, few of
these hypotheses address why female songs tend to closely resem-
ble those of conspecific males. The ideas presented here do not
disagree with these hypotheses, but rather build on them by sug-
gesting that selection for female songmay occur especially rapidly
since it favors genes and molecular pathways that may already
exist. Understanding the mechanisms of past changes can help us
to ask the right questions in understanding current traits.
Conclusions
Recent studies are prompting us to reconsider long-held assump-
tions about the evolution of male and female song. Rather than
being anomalous, female singing is widespread among songbirds
and indeed was probably present during the early evolution of
bird song (Odom et al., 2014). Past geographic biases and other
factors appear to have misled us toward the opposite perspective,
that male-only song is the norm and that evolutionary changes in
song have occurred primarily in males. Given our new perspec-
tive, we face exciting new challenges to understand the selective
mechanisms underlying the diversity and evolutionary history
of female song (Riebel et al., 2005; Price, 2009; Odom et al.,
2015). Indeed, inmany well-studied bird species, we should prob-
ably now be asking why females do not sing rather than why
males do.
But these new findings should not necessarily alter our view
of bird song as a model for studies of sexual selection. As hope-
fully conveyed here, past rates of female change and current levels
of dimorphism may have little relevance to how male traits have
been influenced by sexual selection. In fact, if anything, these new
insights into our previous misconceptions are instructive and
only further serve to illustrate what an effective research model
bird song has become.
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